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PLAN A DESIRED PATH OF A MECHANICAL ARM. 

MEASURE AN ACTUAL PATH SEGMENT OF THE 
MECHANICAL ARM. 

f 304 

DETERMINE AN ERROR BETWEEN THE MEASURED ACTUAL 
PATH SEGMENT AND THE PLANNED DESIRED PATH. 

/— 306 

APPLY A CORRECTIVE FORCE TO THE MECHANICAL ARM 
BASED ON THE DETERMINED ERROR TO CONFORM TO THE 
DESIRED PATH. 
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METHOD AND SYSTEM FOR 
CONTROLLING A MECHANICAL ARM 

FIELD OF THE INVENTION 

The invention relates to a method and system for con 
trolling a mechanical arm. 

BACKGROUND OF THE INVENTION 

In the prior art, a controller controls the path of a 
mechanical arm by following time-dependent commands 
that instruct the mechanical arm to folloW a desired path. 
Although the commands are applied to the mechanical arm 
in a closed-loop con?guration, the mechanical arm folloWs 
the desired path in an open loop manner because there is no 
direct measurement or feedback of the mechanical arm’s 
deviation from the desired path. If the desired path of the 
mechanical arm is blocked, the commands may not com 
pensate for the presence of the blockage. Accordingly, the 
mechanical arm, its propulsion system or a Work site may be 
damaged from the mechanical arm’s interaction With the 
blockage. Thus, a need exists for a controller that controls a 
mechanical arm to correct the movement of a mechanical 
arm from an actual path to a desired path. 

SUMMARY OF THE INVENTION 

A system and method for controlling a mechanical arm 
comprises planning a desired path of a mechanical arm. An 
actual path segment of the mechanical arm is measured. An 
error is determined betWeen the measured actual path seg 
ment and the planned desired path. A corrective force is 
applied to the mechanical arm based on the determined error 
to conform to the desired path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a machine having a mechanical 
arm. 

FIG. 2 is a block diagram of a system for controlling a 
mechanical arm. 

FIG. 3 is a How chart of a method for controlling a 
mechanical arm. 

FIG. 4 is a diagram of an illustrative desired path of a 
mechanical arm. 

FIG. 5 is a block diagram of one embodiment of a system 
for controlling a mechanical arm. 

FIG. 6 is a block diagram of another embodiment of a 
system for controlling a mechanical arm With minor loop 
control of a joint ?oW velocity. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 shoWs an illustrative representation of a machine 
201 having a mechanical arm 124. Other con?gurations of 
mechanical arms may fall Within the scope of the invention 
and the claims. The machine 201 may comprise a backhoe, 
a construction machine or some other machine or equip 
ment. The mechanical arm 124 comprises a ?rst segment 
204, a second segment 206, and a terminal portion 208. The 
?rst segment 204 may be movably connected to a machine 
housing 200 via a ?rst joint 202. The ?rst segment 204 is 
movably joined to the second segment 206 via a second joint 
210. The second segment 206 is movably connected to the 
terminal portion 208 via a third joint 212. One or more 
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2 
actuators 118 move(s) the mechanical arm 124 or portions 
thereof. The terminal portion 208 may comprise a scoop, a 
bucket, a mechanical pliers, a mechanical hand, a tool or a 
tool connector, for example. 

Each joint (202, 210, and 212) generally permits at least 
one of its associated segments (204, 206) or the terminal 
portion 208 to rotate or pivot in at least one plane Within a 
de?ned range of motion. In a ?rst embodiment, the ?rst joint 
202 supports hinged movement in tWo generally perpen 
dicular planes, Which may be designated the ?rst plane and 
the second plane. The ?rst plane may be the X-Z plane, 
Whereas the second plane, perpendicular to the ?rst plane, 
may be in the x-y plane. As illustrated in FIG. 1 the X-Z plane 
is coextensive With the plane of the sheet of the draWing and 
the x-y plane is generally perpendicular to that plane, 
extending into and out of the sheet. Further, in the ?rst 
embodiment, the second joint 210 supports hinged move 
ment in the X-Z plane, and the third joint 212 supports hinged 
movement in at least the X-Z plane. 

In a second embodiment, the ?rst joint 202 and the second 
joint 210 are the same as those described in conjunction With 
the ?rst embodiment. HoWever, the third joint 212 for the 
second embodiment comprises a robotic Wrist joint that 
supports a tool or tool connector. The robotic Wrist joint may 
move in tWo or more planes. The robotic Wrist may comprise 
a roll-pitch-roll Wrist, Which includes a ?rst roll joint and a 
second roll joint With an intervening pitch joint betWeen and 
interconnecting the ?rst roll joint and the second pitch joint. 
A tool connector or tool is associated With the second roll 
joint. 

FIG. 2 shoWs a block diagram of a system 101 for 
controlling a mechanical arm, such as a mechanical arm 124 
of FIG. 1. A data processor 108 is coupled to a data storage 
device 120 and mechanical arm electronics 125. The data 
processor 108 comprises one or more data input ports 110, 
an actual path determination module 112, a target path 
planning module 114, and a path correction module 116. The 
data storage device 120 may store target path data 122, 
correction data, and other data. 

Velocity sensors (100, 102, and 104) are associated With 
corresponding joints (202, 210, and 212) of the mechanical 
arm 124. In one embodiment, a velocity sensor (100, 102, 
and 104) comprises a position sensor for measuring the 
displacement of a joint component of a joint and a timer for 
measuring the time associated With the respective displace 
ment. The velocity sensor (100, 102, and 104) may output 
raW velocity data for the joint. The raW velocity for each 
joint may be translated to provide an overall velocity for a 
reference point (e.g., terminal portion 208 or geometric 
center of the third joint 212) of the mechanical arm 124. In 
one con?guration, the error reference point comprises the 
center of the third joint 212 of a mechanical arm 124. The 
overall velocity data is the rate at Which a position of the 
mechanical arm 124 at a reference point changes over time. 
The velocity may be expressed as displacement vector per 
scalar unit time. 

In an alternate embodiment, the velocity sensors may be 
replaced With acceleration sensors Which determine the rate 
of change of velocity over time. The derivative of velocity 
equals acceleration. Conversely, because the integral of 
acceleration may be used to determine the velocity, an 
accelerometer and an integrator may be used in combination 
to provide the equivalent of a velocity sensor. 
The ?rst velocity sensor 100 may be associated With the 

?rst joint 202 for measuring the position displacement 
versus time of the ?rst joint 202. The second velocity sensor 
102 may be associated With the second joint 210 for mea 
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suring the position displacement versus time of the second 
joint 210. The third velocity sensor 104 may be associated 
With the third joint 212 for measuring the position displace 
ment versus time of the third joint 212. The ?rst velocity 
sensor 100, the second velocity sensor 102, and the third 
velocity sensor 104 preferably provide relative displacement 
and respective time measurements for components of the 
joints. The components of the joints move With respect to 
each other and may represent hinges that rotate about one or 
more axes. If the ?rst velocity sensor 100, the second 
velocity sensor 102, and the third velocity sensors 104 have 
analog outputs as shoWn, the outputs of the velocity sensors 
are coupled to respective analog-to-digital converters 106. 

HoWever, in an alternate embodiment, the outputs of the 
velocity sensors (100, 102, and 104) may be in a digital 
format that renders the analog-to-digital converters 106 of 
FIG. 2 unnecessary. 

The outputs of the analog-to-digital converters 106 feed 
data input ports 110 of the data processor 108. In turn, the 
data input ports 112 provide actual path data to the actual 
path determination module 112. The actual path data may 
represent actual velocity data or actual motion data With 
respect to one or more joints of the mechanical arm 124. The 
actual path determination module 112 provides a three 
dimensional path versus time for the mechanical arm 124 
With respect to a reference point. The actual path determi 
nation module 112 may re?ect an actual path that is pro 
duced by a human operator manning the controls of the 
machine 201 incorporating the mechanical arm 124, for 
example. 
A target path planning module 114 may facilitate the 

de?nition of a target path or desired path based on one or 
more of the folloWing factors: the geometry of the mechani 
cal arm 124, the planned Work task for the mechanical arm 
124, the identity of the machine to Which the mechanical 
arm 124 is operably connected, and an optimal or preferen 
tial path of a skilled experienced operator of the machine or 
mechanical arm 124. The desired path or target path may be 
expressed as target path data 122 that provides an optimal 
motion or preferential trajectory for the mechanical arm 124. 
Further, the target path may support preferential movement 
of the mechanical arm 124, if the mechanical arm 124 is 
exposed to a blockage in an actual path or the target path. 
The storage device 120 may store target path data 122 on a 
desired path or target path of a mechanical arm 124. 

The path correction module 116 generates a corrective 
signal for application to one or more actuators 118 of the 
mechanical arm 124. The path correction module 116 pro 
vides a control signal to at least one actuator 118 to achieve 
the determined hydraulic ?oW rate. The path correction 
module 116 may comprise an error determination module 
that determines an error betWeen the measured actual path 
segment and the planned desired path. The error determi 
nation module determines a deviation betWeen desired 
velocity vectors associated With the planned target path and 
actual velocity vectors associated With the actual path seg 
ment. The path correction module 116 applies a corrective 
force to the mechanical arm 124 based on the determined 
error to conform to the desired path. An actuator 118 may 
comprise one or more of the folloWing: a hydraulic control 
ler, an electromechanical controller for controlling a hydrau 
lic line or input, a hydraulic valve, an electrical motor, a 
servo-motor for applying force to one or more components 
of the mechanical arm 124, a hydraulic member, and a 
hydraulic cylinder. For example, the actuator 118 may 
comprise the combination of a hydraulic controller and one 
or more hydraulic cylinders to change the actual path of a 
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4 
reference point of the mechanical arm 124 to the desired 
path of the reference point of the mechanical arm 124. 

The actuators 118 may be embodied in various alternative 
con?gurations. In a ?rst embodiment of the actuators 118, a 
hydraulic controller ?rst actuator controls a corresponding 
?rst hydraulic member associated With the mechanical arm 
124; a second hydraulic controller controls a corresponding 
second hydraulic member associated With the mechanical 
arm 124. The combination of the ?rst hydraulic controller 
(e.g., an electrically controlled hydraulic valve) and the ?rst 
hydraulic member (e.g., a hydraulic cylinder) comprises a 
?rst actuator. The combination of the second hydraulic 
controller (e.g., an electrically controlled hydraulic valve) 
and the second hydraulic member (e. g., a hydraulic cylinder) 
comprises a second actuator. Apath correction module (e.g., 
116) divides hydraulic ?oW betWeen the ?rst actuator and 
the second actuator. The ?rst actuator is associated With a 
progress vector consistent With the actual path segment and 
the second actuator is associated With an orthogonal correc 
tive vector. The orthogonal corrective vector is generally 
orthogonal to the progress vector. The corrective vector and 
the progress vector are synonymous With the corrective 
velocity component and the progress velocity component, 
and are de?ned in greater detail in conjunction With FIG. 4. 

In a second embodiment of the actuators 118, the actua 
tors comprise hydraulic members, such as hydraulic cylin 
ders. Each hydraulic member is arranged for moving one or 
more segments With respect to a corresponding joint of the 
mechanical arm 124. The path correction module 116 is 
arranged to apply a hydraulic ?oW rate applicable to the 
hydraulic member for the desired corrective force. The path 
correction module 116 provides a control signal to at least 
one actuator 118 to achieve the determined hydraulic ?oW 
rate. 

In a third embodiment of the actuators 118, a servo-valve 
controller controls a hydraulic member (e.g., a hydraulic 
cylinder) for moving one or more segments With respect to 
a corresponding joint of the mechanical arm 124. The 
servo-valve controller provides error feedback for correction 
of the hydraulic ?oW rate of the hydraulic member. 

FIG. 3 illustrates a method for controlling a mechanical 
arm 124. The method of FIG. 3 starts in step 300. 

In step 300, a target path planning module 114 or a data 
processor 108 plans a desired path of a mechanical arm 124. 
The target path plan or desired path may represent a pref 
erential trajectory for the mechanical arm 124 Which avoids 
joint limits, singularities, excessive loads, obstructions or 
inef?cient movements. Joint limits may be associated With 
limitations of the range of motion of a mechanical joint (202, 
210, and 212). Singularities may be associated With one or 
more orientations of the joint in Which excessive joint 
velocities are generated. An inefficient movement may result 
from obstructions, operator fatigue, sloppy operator com 
mands or improper timing of a sequence of operator instruc 
tions. The target path plan may compensate for such inef 
?cient movement for a particular corresponding Work task 
by providing a model for the movement of a reference point 
on the mechanical arm 124. The target path plan may differ 
With a selected corresponding Work task and may require an 
operator’s (e.g., experienced professional’s) de?nition of the 
target path plan in a controlled environment. 

In one embodiment, the planned path represents a desired 
path 400 that is stored in a data storage device 120 for 
reference. An applicable target path plan may be selected 
from a library of planned paths based on the closest operator 
input to the planned target path or based on the mechanical 
arm 124 or the terminal portion 208 encountering an 
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obstruction. In one con?guration, the planned path is 
selected based on the closest approximation betWeen opera 
tor input to a target path. Alternately, an applicable or 
preferential target path plan may be associated With a 
corresponding particular Work task, for example. 

In step 302, velocity sensors (100, 102, and 104) feed data 
to an actual path determination module 112 to measure an 
actual path segment of the actual path of the mechanical arm 
124. The actual path segment is determined by position 
versus time measurements at one or more joints (202, 210, 
and 212) of the mechanical arm 124. Step 302 may include 
converting raW analog velocity data from one or more 
velocity sensors to digital data and applying the raW digital 
velocity data to an actual path determination module 112 via 
data input ports 110. Each raW digital velocity datum may be 
speci?c to a corresponding joint (202, 210 or 212) of the 
mechanical arm 124. Accordingly, the actual path determi 
nation module 112 converts the raW digital velocity data to 
velocity data referenced to a reference point (e.g., a terminal 
portion 208 or a central point Within the third joint 212) on 
the mechanical arm 124. 

In step 304, a path correction module 116 or data proces 
sor 108 determines an error betWeen the measured actual 
path segment and the planned desired path or target path 
plan of step 300. Further, the path correction module 116 
may control (e.g., send a control signal to) one or more 
actuators 118 based on the determined error. 

In one example, the determination of the error in step 304 
represents determining a deviation betWeen desired velocity 
vectors associated With the planned path and actual velocity 
vectors associated With the actual path segment. Here, both 
the desired velocity vectors and the actual velocity vectors 
are referenced to the same reference point of the mechanical 
arm 124 or one of its joints (202, 210, and 212). 

In another example, the determination of an error in step 
304 further comprises converting the determined error into 
hydraulic ?oW rates applicable to at least one joint of the 
mechanical arm 124 for the desired corrective force; and 
providing a control signal to at least one actuator 118 to 
achieve the determined hydraulic ?oW rates for at least one 
hydraulic member (e.g., hydraulic cylinder) associated With 
a corresponding joint of the mechanical arm 124. 

In step 306, one or more actuators 118 may apply a 
corrective force to the mechanical arm 124 based on the 
determined error to conform to the desired path or target 
path plan. For example, the actuator 118 may comprise a 
hydraulic controller that causes the mechanical arm 124 to 
move With respect to a corrective velocity component (e.g., 
corrective velocity component 401 of FIG. 4). In one 
example, the corrective force comprises an orthogonal cor 
rective vector that is generally orthogonal to a progress 
vector of the mechanical arm 124. In another example, the 
corrective force comprises the resultant vector formed by the 
combination or vector addition of an orthogonal corrective 
vector and a progress vector. The orthogonal vector is 
generally orthogonal to a progress direction of the mechani 
cal arm 124 and the progress vector is consistent With the 
actual path segment of the mechanical arm 124. 

Step 306 may be carried out in accordance With various 
techniques or procedures, Which may be executed alter 
nately or cumulatively. In accordance With a ?rst technique, 
corrective force comprises a generally orthogonal corrective 
vector orthogonal to a progress vector of the mechanical arm 
124 consistent With the actual path segment. In accordance 
With a second technique, the corrective force comprises the 
combination of an orthogonal corrective vector and progress 
vector, the orthogonal vector being generally orthogonal to 
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6 
a progress direction of the mechanical arm 124 and the 
progress vector consistent With the actual path segment of 
the mechanical arm 124. In accordance With a third tech 
nique, the corrective force divides hydraulic ?oW betWeen a 
?rst actuator and a second actuator, the ?rst actuator asso 
ciated With an orthogonal corrective vector and a second 
actuator associated With a progress vector consistent With 
the actual path segment. Each of the actuators 118 may 
control or include a hydraulic member associated With the 
mechanical arm 124. In accordance With a fourth technique, 
an error feedback is provided for correction of the hydraulic 
?oW rate of the at least one joint. In accordance With a ?fth 
technique, an error feedback is provided for correction of the 
control signal to at least one actuator 118. 

FIG. 4 illustrates a desired path 400 or target path plan of 
a reference point on the mechanical arm 124. The direction 
of travel of the desired path 400 is indicated by the arroWs. 
Any point along the desired path 400 may be de?ned by a 
vector called a progress velocity component 402. If a 
measurement point versus time or velocity datum is on the 
desired path 400, there is no corrective velocity component 
401. HoWever, if the measured velocity datum is not on the 
desired path 400, there is generally a corrective velocity 
component 401. The corrective velocity component 401 is 
generally orthogonal to the progress velocity component 
402. The resultant velocity component 403 is the vector sum 
of the progress velocity component 402 and the corrective 
velocity component 401. 

Positional error of the mechanical arm 124 may be 
directly measured from the current position of the reference 
point (e.g., center of the third joint 212 of the mechanical 
arm 124) to a point lying on the desired path 400. The 
shortest distance betWeen the actual path and the desired 
path 400 is chosen as the error betWeen the measured 
position and desired position. In one embodiment, the result 
ant positional error is processed through a compensation 
device to create correction velocity component 401 in a 
direction so as to reduce or gradually eliminate the error in 
a non-abrupt manner. The progress velocity component 402 
or progress vector drives the arm 124 along the desired path 
400. The progress velocity component 402 is substantially 
orthogonal to the error vector and is formed from the 
velocity vector at the normal point on the desired path 400. 
In one con?guration, the combination of the corrective 
velocity component 401 and the progress velocity compo 
nent 402 constitutes the command motion to the mechanical 
arm 124. Path information includes a tangential velocity at 
each point and a manipulator angle or angle of the joint. 

FIG. 5 is a block diagram of a control system for 
controlling a position of a reference point on the mechanical 
arm 124 With positional feedback of the reference point. The 
control system of FIG. 5 may be applied to the machine 201 
of FIG. 1. The system 101 of FIG. 2 may be used to execute 
the control system of FIG. 5 With or Without softWare and/or 
hardWare modi?cation. Like reference numbers in FIG. 1, 
FIG. 2, and FIG. 5 indicate like elements. 
The target path or desired path is determined With refer 

ence to a reference point (e.g., a central point of the third 
joint 212) of the mechanical arm 124. The target path data 
122 is stored in a data storage device 120 or elseWhere. 
The path correction module 116 determines the orthogo 

nal deviation betWeen the actual position of the reference 
point of the mechanical arm 124 and the target path data 122 
for the mechanical arm 124. The path correction module 116 
comprises a ?rst summer 501 that receives target path data 
122 (as input) and motion data 507 (as feedback) and outputs 
orthogonal deviation data 502. The orthogonal deviation 
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data 502 may be used to generate corrective velocity vector 
data 503. The deviation data 502 and the corrective velocity 
vector data 503 may be de?ned in terms of three spatial 
dimensions in Cartesian coordinates, spherical coordinates, 
radial coordinates or the like. 

The path correction module 116 feeds the velocity vector 
data 503 to the converter 514. The converter 514 provides a 
particular corresponding joint How 504 in response to the 
input of the velocity vector data 503. The converter 514 
converts the corrective velocity vector data 503 into corre 
sponding requisite joint How 504 to hydraulic members 505 
associated With one or more joints (202, 210 and 212). In 
one embodiment, the converter 514 may be incorporated in 
a hydraulic controller or actuator for generating a desired 
joint ?oW. 
A hydraulic member 505 (e.g., hydraulic pistons) may 

convert the joint How 504 into motion or a position of the 
mechanical arm 124. Asensor 516 (e.g., a velocity sensor or 
accelerometer) records or registers the position as motion 
data 507 for feedback to the ?rst summer 501. One or more 
sensor(s) 516 is/are positioned on the mechanical arm to 
provide motion data 507. The motion data 507 or related 
data is sent to the ?rst summer 501 via the main feedback 
path 508. The hydraulic members 505 convert the hydraulic 
?oW from the converter 514 to a motion, Which one or more 
sensors 516 measure in terms of actual position versus time 
of a reference point of the mechanical arm 124. The motion 
data 507 or velocity data provides positional feedback to 
improve the conformance of the actual path of the desired 
path of the mechanical arm 124. 

FIG. 6 is a block diagram of a control system Which is 
similar to the control system of FIG. 5, except the control 
system of FIG. 6 features a minor loop control of joint ?oW 
velocity and other modi?cations supporting the minor loop 
control. Like reference numbers in FIG. 5 and FIG. 6 
indicate like elements. 
A hydraulic controller 504 may convert the corrective 

velocity vectors or velocity vector data 503 into correspond 
ing requisite input joint velocity data 517. Each hydraulic 
member has a hydraulic valve, a servo-valve adjustment, an 
electro-mechanical valve or another mechanism for control 
ling the ?oW of hydraulic ?uid to the hydraulic member. The 
application of the input joint velocity data 517 to the 
servo-valve 510 yields actual joint velocity data or output 
joint velocity data. The actual joint velocity data may be fed 
back to a second summer 509 or minor feedback path 511 to 
obtain an error signal for adjusting the input joint velocity 
data 517 to attain a desired actual joint velocity data. As 
shoWn, the error signal may be applied to a servo-valve 510 
for adjusting hydraulic How to a corresponding hydraulic 
member. 
An integrator 512 may integrate the output joint velocity 

data or actual joint velocity data to yield motion data 516, 
Which may be expressed as a position versus time for a 
reference point on the mechanical arm 124. The motion data 
516 is fed back to the ?rst summer 511 via a main feedback 
path 508 to provide any orthogonal deviation data 502 
betWeen the actual motion data and the desired motion data 
of the target path plan. 

One advantage of the method and system of the invention 
is that it removes the strict time dependence of control of the 
mechanical arm by spatially determining the deviation of the 
mechanical arm from a desired path. Accordingly, the 
method and system facilitates operation of the mechanical 
arm in a more contained, re?ned and/or predictable fashion 
than otherWise possible. For eXample, the method and 
system of the invention may be con?gured to apply a steady 

15 

25 

35 

40 

45 

55 

65 

8 
force to any blockage or concave obstacle in the path (e.g., 
the desired path) While continuing to move along the surface 
of the conveX obstacle in the path. 

Having described the preferred embodiment, it Will 
become apparent that various modi?cations can be made 
Without departing from the scope of the invention as de?ned 
in the accompanying claims. 

I claim: 
1. Amethod for controlling a mechanical arm, the method 

comprising: 
planning a desired path of the mechanical arm selected 

from a library of target path plans to avoid at least one 
of a joint limit, a singularity, an obstruction or an 
inef?cient movement; 

measuring an actual path segment of the actual path of the 
mechanical arm through one or more velocity sensors 
associated With corresponding joints of the mechanical 
arm; 

determining an error betWeen the measured actual path 
segment and the planned desired path; and 

applying a corrective force to the mechanical arm based 
on the determined error to conform to the desired path; 
the corrective force comprising an orthogonal correc 
tive vector orthogonal to a progress vector of the 
mechanical arm consistent With the actual path seg 
ment. 

2. The method according to claim 1 Wherein the desired 
path is de?ned With reference to a reference point on the 
mechanical arm; the reference point associated With a cen 
tral point of a joint of the mechanical arm. 

3. The method according to claim 1 Wherein the corrective 
force comprises the orthogonal corrective vector and the 
progress vector, the orthogonal vector orthogonal to a 
progress direction of the mechanical arm and the progress 
vector consistent With the actual path segment of the 
mechanical arm. 

4. The method according to claim 1 Wherein the applying 
divides hydraulic ?oW betWeen a ?rst actuator and a second 
actuator, the ?rst actuator associated With the orthogonal 
corrective vector and a second actuator associated With the 
progress vector consistent With the actual path segment, 
each actuator including at least one hydraulic controller for 
controlling a hydraulic member associated With the 
mechanical arm. 

5. The method according to claim 1 Wherein the desired 
path is stored in a data storage device for reference, and 
Wherein the desired path is selected based on the mechanical 
arm encountering an obstruction in the actual path. 

6. The method according to claim 1 Wherein the actual 
path segment is determined by translating position versus 
time measurements at one or more joints of the mechanical 
arm to a reference point associated With the mechanical arm. 

7. The method according to claim 1 Wherein the deter 
mining of the error represents determining a deviation 
betWeen desired velocity vectors associated With the desired 
path and actual velocity vectors associated With the actual 
path segment. 

8. The method according to claim 1 Wherein the applying 
comprises: 

converting the determined error into hydraulic ?oW rates 
applicable to at least one joint of the mechanical arm 
for the desired corrective force; and 

providing a control signal to at least one actuator to 
achieve the hydraulic ?oW rates for at least one hydrau 
lic member associated With a corresponding joint of the 
mechanical arm. 
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9. The method according to claim 8 further comprising: 
providing an error feedback for correction of the hydrau 

lic ?oW rate of the at least one joint, the error feedback 
being consistent With the applied corrective force. 

10. The method according to claim 8 further comprising: 
providing an error feedback for correction of the control 

signal to the at least one actuator, the error feedback 
being consistent With the applied corrective force. 

11. Asystem for controlling a mechanical arm, the system 
comprising: 

a storage device for storing a desired path of the mechani 
cal arm among a library of target path plans to avoid at 
least one of a joint limit, a singularity, an obstruction or 
an inefficient movement; 

a position sensor for measuring an actual path segment of 
an actual path of the mechanical arm, the position 
sensor comprising a velocity sensor associated With a 
corresponding joint of the mechanical arm; 

an error determination module for determining an error 
betWeen the measured actual path segment and the 
desired path; and 

a path correction module for applying a corrective force 
to the mechanical arm based on the determined error to 
conform to the desired path; the corrective force com 
prising an orthogonal corrective vector being generally 
orthogonal to a progress vector of the mechanical arm 
consistent With the actual path segment. 

12. The system according to claim 11 Wherein the desired 
path is de?ned With reference to a reference point on the 
mechanical arm; the reference point associated With a cen 
tral point of a joint of the mechanical arm. 

13. The system according to claim 11 Wherein the cor 
rective force comprises the orthogonal corrective vector and 
the progress vector, the orthogonal vector being generally 
orthogonal to a progress direction of the mechanical arm and 
the progress vector consistent With actual path segment of 
the mechanical arm. 

14. The system according to claim 11 further comprising: 
a ?rst actuator comprising a ?rst hydraulic controller and 

a ?rst hydraulic member, the ?rst hydraulic controller 
arranged for controlling the ?rst hydraulic member 
associated With the mechanical arm; 

a second actuator comprising a second hydraulic control 
ler and a second hydraulic member, the second hydrau 
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lic controller arranged for controlling the second 
hydraulic member associated With the mechanical arm; 
and 

the path correction module dividing hydraulic ?oW 
betWeen the ?rst actuator and the second actuator, the 
?rst actuator associated With the orthogonal corrective 
vector and the second actuator associated With the 
progress vector consistent With the actual path segment. 

15. The system according to claim 11 Wherein the desired 
path is selected based on the closest approximation betWeen 
operator input to the desired path Within the library of 
available desired paths. 

16. The system according to claim 11 Wherein the desired 
path is stored in the data storage device for reference, and 
Wherein the desired path is selected based on the mechanical 
arm encountering an obstruction in the actual path. 

17. The system according to claim 11 Wherein the actual 
path segment is determined by position versus time mea 
surements at one or more joints of the mechanical arm. 

18. The system according to claim 11 Wherein the error 
determination module determines a deviation betWeen 
desired velocity vectors associated With the desired path and 
actual velocity vectors associated With the actual path seg 
ment. 

19. The system according to claim 11 further comprising: 
a hydraulic member for moving a corresponding joint of 

the mechanical arm; 
the path correction module arranged to apply a hydraulic 
?oW rate applicable to the hydraulic member for the 
desired corrective force, the path correction module 
providing a control signal to at least one actuator to 
achieve the applied hydraulic ?oW rate. 

20. The system according to claim 11 further comprising 
a servo-valve controller for controlling a hydraulic member 
for moving a corresponding joint of the mechanical arm, the 
servo-valve controller providing error feedback for correc 
tion of a hydraulic ?oW rate of the hydraulic member. 

21. The system according to claim 11 Wherein the path 
correction module provides an error feedback for correction 
of a control signal to at least one actuator. 

22. The system according to claim 11 further comprising 
a target planning module for planning the desired path. 


